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SELECTION AND EVALUATION
OF AN 
EXTRA-VEHICULAR LIFE SUPPORT SYSTEM CONCEPT
Ronald Lang 
Hamilton Standard
Division of United Aircraft Corporation 
Windsor Locks, Connecticut
SUMMARY
Of the multitude of obstacles that confront the scientists and engineers engaged in making Project Apollo a success, those directly associated with life support ap­ pear the least defined. They are not defined clearly because they combine physio­ logical and psychological, factors peculiar to the human machine with the parameters upon which heat and mass transfer, mechanics and kinetics depend. Because Pro­ 
ject Apollo is a manned mission it follows that all the benefits which can accrue due to man's participation must be realized. ...... that he can not be hampered from ac­ complishing his tasks, be they thinking or doing, because of the limitations imposed by his portable environment. It is the intent of this paper to discuss some of the 
interesting areas that have been uncovered to date in the optimization of a Portable 
Life Support System.
The system is intended for extra-vehicular use - either in deep space or on the surface of the moon. It consists of a full pressure suit assembly (which includes an overgarment designed to act as a thermal barrier) and the back pack which contains all the equipment necessary for replenishing and conditioning the internal atmosphere. Provisions are also included for waste management, communication, performance 
monitoring and telemetry of performance and physiological data, etc.
At the onset of the Apollo Space Suit Development Program intensive theoretical heat and mass transfer studies were made to establish a procedure through .which the performance of the ventilation systein could be predicted and/or evaluated. The mechanism through which a gas stream removes heat from the suit loop is very com­ plex. The pressure suit does not provide an adiabatic wall, so the ventilation stream must be capable of absorbing the amount of heat which flows in from the surroundings.
Because it is desirable from a weight standpoint to select a low ventilation flow rate (12-16 cfm), the contact time between it and the body can be expected to be rela­ tively long. Moreover, except for extraordinary heat leakage conditions, the highest temperature in the suit portion of the loop is that of the body surface. Due to the 
long contact time and the nature of the return flow path, the man-suit system is a 
rather effective heat exchanger. Thus, exit flow from the suit is close to skin temp­ erature. Hence, for a given inlet temperature and weight flow, the sensible stream heat capacity is almost constant. If the heat leakage from the environment is great­ er than this capacity, the subject adsorbs the excess and returns it to the stream in the form of latent heat. If, on the other hand, the heat leakage is negligible or nega­ tive (leaving the suit), the entire sensible capacity of the stream is used to cool the subject and only the excess of metabolic heat over the sum of sensible stream capac­ ity and heat leak (outward) is transferred latently.
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Because system power requirements and, therefore, weight depend greatly on 
the ventilation flow rate, it is imperative to select the minimum flow rate that will 
maintain the subject in thermal equilibrium at the anticipated metabolic activity 
rate commensurate with safe and comfortable physiological tolerance to relative 
humidity and temperature. Thermal control is maintained by a water boiler. Humid­ 
ity control at the suit inlet is accomplished by maintaining the suit inlet flow saturat­ 
ed at water boiler exit temperature. Excess water is removed by a water separator.
The weight of each of the components of the PLSS as a function of total system 
heat rate, total integrated mission heat load, local volume flow and other independ­ 
ent variables can be described by an equation. Thus, an estimate of total system 
weight can be made as a function of total metabolic activity. For a given integrated 
load, the shape of the mission activity-time profile also affects system weight. The 
weight of material required for CO^ removal and the amount of water stored for cool­ 
ing depends on the length of time during which peak loads are maintained and on how 
close to the end of the mission they occur.
The results of a parametric study in which latent heat, system weight, volume 
flow, and total system heat load are plotted as functions of total metabolic load and 
heat leakage have been presented; the relationships linking PLSS weight, system 
electrical power, system pressure drop, and metabolic load have also been included.
The testing of the prototype PLSS has demonstrated that the equipment can, in­ 
deed, perform the ^mission for which it has been designed. Moreover, when an in­ 
strumented unit was committed to manned test, the performance of the SSA was satis­ 
factory. More important, the data obtained to date will be an invaluable tool in the 
design of the next generation of Portable Life Support equipment.
SELECTION OF A DESIGN POINT
Before any PLSS concepts could be considered, it was necessary to estimate 
the rate of metabolic energy expenditure of an astronaut during a typical Apollo mis­ 
sion. This was necessary because the major portion of the heat that must be dissi­ 
pated in such a PLSS comes from that produced by the occupant's metabolism. At 
the onset of the program, a ground rule was established by NASA which dictated that 
the system should be capable of handling an average metabolic load of 11, 300 BTU/ 
day. Therefore, a system designed to dissipate a metabolic load of 500 BTU/hr was 
proposed. In a short time after receipt of the contract to develop the PLSS system, 
it became apparent that the metabolic load requirement of 500 BTU/hr was unrealistic. 
At that time a theoretical study was made in an attempt to assess the effect of the 
lunar terrain, the reduction in gravity, the encumbrance caused by the- suit, and 
similar unknowns on the metabolic energy expenditure rate of the astronaut. It was 
also necessary at that time to make a first cut, however premature, of a mission task 
analysis. Thus, activities such as walking, setting up of photographic and astronomy 
equipment, gathering of geological specimens, and similar activities that probably 
would be performed during such a mission were assigned nominal metabolic costs. 
These rates came largely from available literature which has been generated at 
several universities and biomedical laboratories. For example, the metabolic rate 
associated with walking at a speed of 3 miles/hour was taken to be somewhere between 
1200 and 1800 BTU/hr. This value is considerably affected by the slope over which 
the subject is walking and by the amount of weight he is carrying. It is also affected 
by the mechanical efficiency with which he is performing that task. For the purpose 
of this study it was assumed that the mechanical efficiency of the human body during 
a walking maneuver is zero; that all the energy consumed during walking is converted 
to heat. It was, therefore, necessary to design a system to be capable of dissipating 
the entire metabolic heat generated by the body which is associated with a given task.
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The increase in potential energy that is achieved during walking up a hill or in 
lifting an object from one height to another which can be considered as a useful work 
output was, for the purpose of this investigation, assumed to be removed by the sys­ 
tem as heat load. The underlying reason for such an approach is that the pressurized 
suit requires some amount of work just to move it which does not escape from the sys­ 
tem as useful work. This is defined as suit encumbrance. This encumbrance was 
later defined during the test program. The encumbrance caused by unknown lunar 
terrain conditions could only be estimated. Some motion studies were made of men 
walking at various speeds to determine the rate at which the center of gravity of the 
body moved up and down and the amplitude of such movements. This information 
could then be applied to a man of given weight walking at a given speed to determine 
the associated work. Based on these studies it was decided that for a four-hour typi­ 
cal Apollo mission the average metabolic energy expenditure rate for the entire four 
hours is 930 BTU/hr. This number includes rest periods. The peak metabolic rate 
was estimated to be 1600 BTU/hr.
DETERMINATION OF EXTERNAL HEAT LEAK
In addition to the heat generated within the man-suit system, it was found, based 
on estimates of lunar surface temperature, that a considerable amount of heat would 
leak into the system unless some type of thermal insulation was utilized. The design 
point selected was the subsolar position. At this point it was assumed that for one 
reason or another the astronaut would be in a horizontal position such that the solar 
flux was ^ posed to one-halfo of his body. The lunar surface temperature at the sub- 
solar p oi: as taken at 250 F. At this combination of heat inputs the use of a super 
insulator is mandatory.
From an investigation of several super insulator materials it was found that the 
heat l€ ,k into the suit could probably be held to under 150 BTU/hr. This is only ac­ 
complished through the use of an outer surface for which the emissivity at infrared 
wave l:*ncths is rather high and the ratio of absorptivity to solaro wave lengths over 
emiss vicy was low. An equilibrium surface temperature of 175 F was calculated. 
This was well below the upper limit to which this material could be subjected.
GENERAL PLSS REQUIREMENTS
In order to compare various systems, it is desirable to state and summarize 
the specific tasks that must be accomplished by the back pack. The regulation and 
supply of oxygen at a pressure level of 3. 5 psia was selected. For a subject work­ 
ing at 1600 BTU/hr the average oxygen consumption rate is 0. 26 Ibs/hr. For the 
average metabolic rate of 930 BTU/hr the metabolic O^ consumption is . 18 Ibs/hr. 
Therefore, the oxygen supply must be sized to provide this 0. 18 Ibs/hr for the en­ 
tire mission in addition to the quantity of oxygen which leaks from the system. More­ 
over, in a design of oxygen pressure bottles there is an ullage factor which repre­ 
sents that quantity of oxygen which cannot be removed effectively from the bottle. 
The bottle pressure that was selected as a ground rule was 850 psi because this was 
the pressure of the oxygen that will be stored on the Apollo Command Module and 
LEM vehicles. This would, therefore, enable recharging of the bottles to be ac­ 
complished without too much difficulty. The control of contaminants within the sys­ 
tem is another objective of the PLSS. The principle contaminant, of course, is the 
carbon dioxide generated by the subject during the performance of his tasks. For a 
man working at the average 930 BTU/hr the production rate of CO^ * s ^n ^e order 
of 0.182 Ibs/hr.
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Thus over a four-hour mission components had to be designed to absorb approx­ 
imately 3/4 of a pound of carbon dioxide. It must do this while not allowing the par­ 
tial pressure of inspired CO2 to exceed the safe tolerable limit. For periods in the 
order of four-hours, this maximum limit was considered to be one percent of a sea 
level atmosphere or 7. 6 mm Hg. The use of LiOH and LI2O as CC>2 absorbers was 
evaluated. Because reliable data on LI2O was not available and because LiOH has 
already been used successfully in this type of application, it was selected as the 
absorber material. The back pack must also provide a method of recirculating the 
oxygen within the loop. This is a most important function. The back pack may in­ 
corporate the ultimate in heat rejection equipment, but if the heat (both latent and 
sensible) is not transported from the suit to the back pack the equipment is useless. 
Therefore, the use of a circulating fluid is necessary to perform the heat and mass 
transport function. Oxygen is the obvious choice for the transport fluid because its 
presence is already required for metabolic needs. The recirculation flow is also 
important from a standpoint of helmet carbon dioxide purging. Just as in the case 
of a heat exchanger being ineffective without a transfer medium, the carbon dioxide 
removal canister would be completely useless if the carbon dioxide were not trans­ 
ported from the oro-nasal area to that area of the back pack which removes CO2 
from the stream.
The function of thermal control involves humidity control and temperature con­ 
trol. Temperature control is not merely reducing the temperature of the stream to 
remove the sensible metabolic load. It also implies the dissipation of all other heats 
created in the system. For example, that produced during the chemical process in 
which CO2 is combined with LiOH, or the heat that is produced by the work put into 
the stream by the fan, etc. Humidity control is required because the driving force 
available for transfer of latent load is a function of the gradient in vapor partial 
pressure.
Most of the heat generated by the subject is given off in the form of latent heat. 
This is so because the flow that is circulating within the system has been selected 
to be the minimum rate commensurate with physiological well being of the subject. 
In order to increase the portion of metabolic heat which is removed sensibly, higher 
coolant flow rate is required. This implies a larger fan and power requirement 
which rapidly increases the weight associated with energy storage (battery or pres­ 
surized ©2). This minimum rate is strongly influenced by the CO2 purge require­ 
ment. Therefore, it is observed that one of the fundamental ground rules that was 
applied in the design of this system was that it was necessary to maintain the sub­ 
ject in a sufficiently good state of comfort to perform his intended tasks. It was not, 
however, possible to make him "comfortable 11 by everyday standards because this is 
too great a luxury. The maintenance of 70 percent relative humidity in the center of 
the comfort regime in a psychometric chart requires a system volume flow which 
could only be obtained with a huge weight penalty. The back pack must be equipped 
to dissipate the latent load at a level such that the partial pressure of water vapor 
into the suit gives rise to a partial pressure gradient between skin and stream which 
provides transfer of sweat at the same rate at which it is being generated. When the 
latent load is removed in the back pack, a considerable amount of the subject's sweat 
which was in the form of water vapor is condensed to liquid water. This, therefore, 
necessitates the use of a water separator. If a water separator were not used the 
liquid would simply be re-entrained into the stream. The stream would then enter 
the suit at a high value of dew point which would prevent mass ^ transfer from the xn*i* 
to the coolant.
Another function of the back pack is that of providing a prime mover. The recir­ 
culating stream can be powered by several means but tke energy to do this must come
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from somewhere. Several approaches to this requirement are discussed in the fol­ 
lowing section.
A very important function of the back pack is that of communication and telemetry, 
It is desirable, if not necessary, to be able to monitor the physiological well being of 
the astronaut as well as the functional performance of the back pack at all times.- 
Therefore, a telemetry and communications system must be incorporated into the 
back pack. Typical physiological parameters that can be monitored are heart beat, 
respiration rate, and body temperature. Within the back pack continuous measure­ 
ment and telemetry of suit inlet temperature, battety voltage, oxygen bottle pressure 
and recirculating system pressure are envisioned. Finally,, the back pack should 
contain any warning devices and emergency systems that are considered to be neces­ 
sary either for improving the reliability of the system or the ability of the astronaut 
to assess any problems that may come up during operation.
ALTERNATIVE PLSS CONCEPTS
Although there are many combinations of components that would satisfy the objec­ 
tives outlined above, the discussion of alternative system concepts will be limited to 
the ones which appear to be most practicable.
Figure 1 shows schematically a system in which the recirculating flow is pumped 
by a fan which in turn is powered by a battery driven motor. The LiOH canister 
could be located before or after the fan. An optimization study based on weight was 
conducted to determine which of these locations was most desirable. It was found 
that the penalties that accrued from locating the LiOH canister downstream of the 
fan in terms of decreased canister performance more than offset the advantage 
(lower power requirement) that resulted from putting the fan upstream. Therefore, 
the LiOH canister was placed upstream of the fan.
The water boiler was located as close to the suit as possible so that a low inlet 
temperature and dew point could be realized. The line from the water separator to 
the water boiler returns condensed sweat to the water side of the water bpiler. This 
is a unique concept in as much as it makes use of the sweat twice; the first time being 
when the man gives off the latent load. When the condensed sweat is boiled off as 
gteam in the water boiler, it is being used to cool the recirculating stream. The use 
of sweat in this fashion enables a more economical sizing of the water boiler storage 
sump. Any watef that could be obtained as a result of sweating does not have to be 
stored at the beginning of a mission,
Figure 2 is a schematic diagram of a system powered by an ejector. Stored oxy 
gen is used as the primary flow in the ejector. The oxygen can be stored in either 
gaseous form at the previously stipulated 850 psia or, if practicable, at any higher 
pressure consistent with tolerable stress values in the bottle. Cryogenic oxygen stor­ 
age has also been considered as a possibility in this type of application. Howfeve.r, fo, 
the small quantities of oxygen that would be necessary in a four-hour mission of this 
type, it was found that with the weight of insulation required to maintain the low tefrip 
crature of the cryogenic oxygen, there was no appreciable savings'in bottle weight. 
The overall weight penalty associated with cryogenic storage is approximately one 
pound of tank per pound of oxygen stored. While this compares favorably with the 
over two pounds of tank per pound of gaseou& &2 stored at 850 psia, the additional 
quantity of oxygen required in an, ejector system more than accounts for this differ - 
ence in weight. Ejectors have been tested which exhibit primary to secondary flow 
ratios of 7 to 1.
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It is possible that values up to 9 to 1 can be realized, but it is questionable as 
to whether or not the required system pressure drop can also be made up when a 
ratio of 9 to 1 is utilized. Note that in such a system, the primary flow must be 
ejected from the system if a build-up of pressure is not to occur. If this bleed 
occurs downstream of the suit, it can be observed that some of the carbon dioxide 
which is generated will never get to the CCX remover. Therefore, the LiOH can­ 
ister can be sized for a smaller CO? load in this type of system. Thus, with the 
exception of the oxygen tank, the weights of the components decrease due to the 
overboard flow. This decrease in weight, however, is negligible when compared 
to the gain in tank and oxygen weight required to maintain and store the primary 
flow. Cryogenic storage was not considered feasible to this application for a rea­ 
son other than that mentioned above. The problem of recharging the bottle can be 
very significant. During the course of the LEM mission, the density of the cryo- 
genically stored oxygen decreases. In order to obtain high density, cryogenic oxy­ 
gen for the PLSS late in the LEM mission, some of the oxygen taken from the LEM 
tanks must be evaporated to cool the oxygen with which the PLSS tank is filled. Thus, 
an excess amount of oxygen over and above that required to fill the PLSS tank must 
be taken from the LEM storage tank. Whether or not this excess oxygen, which is 
boiled off, can be used is questionable. If part must be thrown away, this repre­ 
sents a weight penalty that should be charged to the PLSS along with any special 
tank filling apparatus. Moreover, if the PLSS oxygen bottle is sized for the high 
, density cryogenic oxygen, any decrease in the density of oxygen that is finally 
achieved during a recharge will be reflected in less total stored oxygen weight, and 
consequently, less available mission time. The dangers in such a procedure are 
readily apparent. Chief amoog these would be the requirement of an extremely 
accurate oxygen quantity sensing technique in the bottle. With gaseous storage, 
pressure and temperature readouts are adequate to ensure the proper recharge.
Beside the ejector, this system is very similar to the fan motor system. A 
water boiler, water separator, and LiOH canister are required. It is possible that 
a supplemental heat exchanger could be used to some advantage in getting heat into 
the oxygen tank if cryogenic oxygen is used. This, however, is not achieved without 
some penalty in weight and reliability.
Figure 3 is a schematic of an oxygen motor powered system. This system is 
similar to the two previously described. The major difference is that the prime 
mover is a positive displacement oxygen powered motor. Oxygen enters the high 
pressure side of the motor and is exhausted overboard much in the same way as 
primary oxygen in the ejector system is bled overboard. On the low pressure side 
the system ventilation flow is pumped by a large piston. It is believed that an ef­ 
ficiency of 60 to 70 percent is achievable for the air pump.
The simplest system that could be envisioned is one based upon the use of a 
through flow oxygen flush system (Figure 4). In such a system, oxygen could be 
stored either in gaseous or cryogenic form. There is a pressure regulating valve 
to reduce pressure to the 3. 5 psi operating level. The oxygen leaves the regulator 
and flushes through the suit and then overboard carrying with it all the oxygen, CO2 
and heat generated by the man. There is no need for any recirculation and, there­ 
fore, no need for any prime mover. Unfortunately, the amount of oxygen that would 
be required for a four-hour mission is prohibitive - amounting to 40 to 45 pounds. 
If a cryogenic storage tank is utilized, a reasonable estimate for tankage weight 
would be 40 to 45 pounds. Thus, without even considering miscellaneous support 
and valve components the system weight is over 80 pounds. This number gets suc­ 
cessively worse when gaseous storage along with its accompanying higher taste 
weight is considered.
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A novel, if not uncomplicated, method of PLSS design would be to incorporate 
a steam turbine which utilizes the energy in the steam exhausting from the water 
boiler (Figure 5). The operation of this system is basically the same as the fan 
motor system except that the fan is driven by a turbine rather than a battery 
powered motor. Theoretically this system appears at least feasible. A steam 
turbine design for this application was analyzed at the minimum metabolic load 
condition for which the steam flow exiting from the water boiler was minimum. 
The turbine pressure ratio was ten to one and the turbine rotor speed was 55, 000 
rpm. The required turbine efficiency to operate the fan and pump was found to be 
40 percent, minimum, at a metabolic load of 800 BTU/hr. At minimum metabolic 
loads of 400 BTU/hr which may indeed be more reasonable, it was found that the 
system could not operate. Labyrinth seal and bearing losses were only estimated. 
In order to prevent the water boiler temperature from dropping below 32 , a back 
pressure valve would be required between the boiler and turbine. Therefore, the 
inlet pressure available to the turbine at average operating conditions will be less 
than the water boiler exit pressure. It is questionable if the efficiency of this tur­ 
bine could even approach 40 percent. It is believed that a reasonable efficiency for 
such a turbine is in the order of 20 to 25 percent. When compounded with the other 
disadvantages of complexity, reliability, etc., the turbine system was not considered 
to be a justifiable selection.
The system shown in Figure 6 is similar to the closed loop fan system with the 
exception that the oxygen supply is stored chemically as in potassium super oxide 
(KO2). As the ventilation flow passes through the KC>2 canister, the water and car­ 
bon dioxide in the stream react with KC>2 to form oxygen. However, the reaction of 
KO2 with CC>2 tends to be rather slow and an LiOH canister is still required for CC>2 
removal.
The operation of this system depends on oxygen being produced as a function of 
the subject's sweat rate. Under most conditions, the latent load produced by the 
man will be adequate to produce the required oxygen. However, for low loads occur - 
ing simultaneously with negative heat leakage, it would be necessary to reduce the 
vent flow in order to maintain sweat production. While this could be accomplished 
automatically, it is possible that the resulting flow may be inadequate in terms of 
CC>2 purging effectiveness.
Within each system the weight and volume of each major component was estimated. 
A system reliability number was then determined based mostly on existing failure 
records of components similar to those used.
The fan motor system was chosen for development because the predicted system 
weight and volume were the least for all systems investigated and because its suc­ 
cess did not depend on any significant improvement of existing technology. Moreover, 
the fan system appeared to have the best growth potential. Improvements in fan, 
motor, or battery performance will yield a smaller back pack. Without increasing 
the back pack size, increases in metabolic rate capacity or mission duration capacity 
were projected. The system powered by an ejector had the highest predicted reliabil­ 
ity number of all the systems only when gaseous oxygen storage was considered. How­ 
ever, the difference between reliability between the fan and ejector systems only ap­ 
pears in the forth place after the decimal.
The air motor system is limited due to the volume required for oxygen storage 
in the same way as the ejector. While the oxygen motor and pump assembly did not 
require any advance in technology, there was not sufficient experience with them 
upon which to base a system. The predicted weight and volume of the chemical and 
oxygen storage system was similar to the fan system. However, the dependence 
upon sweat production to insure oxygen availability was unattractive. If a supple­ 
mentary gaseous oxygen supply were used to circumvent this feature, there no longer 
was a valid reason for any chemical oxygen storage.
430
OPTIMIZATION OF SELECTED SYSTEM
When the fan motor battery system was selected, a computer program was 
written for the IBM 7090 computer in order to facilitate the solving of hundreds of 
design point cases. The effect of system flow rate and metabolic heat load on sys­ 
tem weight, power, and volume was plotted. Figure 7 is a typical set of parametric 
curves determined from computer output. In it can be seen quite graphically the 
strong influence that metabolic load has on required ventilation flow and total sys- 
tejn beat load. This curve is plotted at a value of system heat leak (inward) of 100 
BTU/hr. A fan efficiency of 65 percent and a motor efficiency of 60 percent was 
used in this trail. An effectiveness of mass transfer of 2/3 applies to the entire 
family of curves. This effectiveness of mass transfer is defined as that portion of 
the suit exit volume flow which leaves the system saturated while the remainder 
leaves at inlet dew point. While it is known that this is a fictitious situation and 
that moisture picked up within the suit by simultaneous heat and mass transfer is 
more or less evenly diffused in the stream, the concept of effectiveness of mass 
transfer proved to be a useful tool with which to analyze this portion of the loop. 
Figure 8 shows the effect of effectiveness on the volume flow rate required in the 
system as a function of metabolic heat load and heat leak. Note that for very poor 
values of effectiveness a much higher flow rate is required to remove this same 
amount of heat. Therein lies the fundamental basis for desiring a high value of 
mixing between the ventilation flow and the vapor sweated by the man. If this venti­ 
lation flow could leave the suit loop saturated, then a minimum value of flow could 
be achieved. Figure 9 shows the pressure across the fan that would be required to 
pump the flow commensurate with the metabolic loads and mass transfer effective­ 
ness indicated. The significance of this curve can only be assessed when the depend­ 
ence of power on pressure rise is shown. This motor power as a function of required 
fan AP is shown in Figure 10.
SYSTEM EVALUATION
Upon completion of the fan battery prototype system, a program for testing it 
both unmanned and manned was planned. Before commiting a man to the system it 
was, of course, necessary to evaluate some of its more important performance char­ 
acteristics. A facility (Figure 11) nicknamed, "The Canned Man11 was established which 
was designed to simulate typical metabolic outputs of man. It, therefore, consumed oxy­ 
gen, generated carbon dioxide, generated a latent sweat load, and a sensible load. It 
simulated suit pressure drop at any value that was predetermined. In this way, the ef­ 
fect of various pressures and size occupants in a suit as they effect pressure drop 
could be simulated. All the parameters mentioned here were variable by the operator. 
The oxygen supply in the charged PLSS bottle was "consumed" by varying the opening 
in a manually controlled valve; the flow through this valve having been previously 
determined as a function of the metabolic load that was being simulated. Similarly, a 
predetermined value of carbon dioxide could be fed into the loop eventually finding its 
way to the LiOH canister. In this way canister performance as a function of CO2 load­ 
ing could be evaluated. The canned man and prototype development back pack were 
heavily instrumented so that a complete set of data on all component performance could 
be obtained in addition to the system performance characteristics.
Figure 12 is a plot of the corrected system pressure drop as a function of system 
ventilation flow rate. The pressure flow characteristics were taken at the minimum 
and maximum position of the flow control valve setting. Figure 13 shows the PLSS 
pressure rise characteristics which is the net rise of the fan minus the losses within 
the back pack. Therefore, the solid curve in this figure represents the pressure rise 
across the back pack if the back pack were considered as a single component (or fan). 
The dotted line in this figure represents the predicted space suit load line when pres­ 
surized and manned. The intersection of the two curves then yields a predicted opert^ 
ting point. This point could only be proved valid when the back pack and a pressurized 
suit were mated. When this test was actually accomplished, it was found that the pre­ 
dicted operating point was achieved within 5 percent.
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Significant Parameters vs Metabolic Load
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Ventilation Flow Rate vs Metabolic Load
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Required Fan Pressure Rise vs Metabolic Load
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Motor Power as a Function of Fan Pressure Rise
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SUMMARY
Recent studies for both large and small space laboratories have provided a 
fund of information and design data. This paper presents an evaluation and 
the selection of a life support and environmental control system for a large 
"zero g" space research laboratory that is capable of supporting man and 
equipment for one to five years with resupply.
A conditioned shirtsleeves environment of 70 F temperature and 7 psia pres­ 
sure is noraally provided to all compartments and to the hangar area during 
the loading and unloading of exploration and logistic vehicles.
The life support and environmental control system weight including fixed 
weight and consumables is approximately 36,000 pounds.
Introduction
Recent studies for both large and small space laboratories have provided a 
fund of information and design data. A typical "Post 1968" research lab­ 
oratory investigated and shown in figure 1 was 33 feet in diameter and 100 
feet longj launched by a two stage Saturn C-5 (S-1C and S-Il) into a 260 n.mi. 
circular earth orbit.
This manned orbiting research laboratory must be provided a life support and 
environmental control system (LS/ECS) to support the 2k man crew complement 
and to condition laboratory equipment. Figure 2 presents a functional block 
diagram of the subsystems required to accomplish the life support and en­ 
vironmental control task. These subsystems provide the following functions:
o Atmospheric Supply and Pressurization
Storage and delivery of N2 and Og for replenishment of leakage 
losses and storage of 02 and regeneration of Og for metabolic 
requirements.
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o Atmospheric Conditioning and. Purification
Humidity control and COp, trace contaminant and particulate removal 
and pressure suit conditioning*
o Thermo-Conditioning
Temperature control of the compartments, pressure suits, and 
equipment; heat source for water, food heating, COp silica-gel 
"bed desorption and urine recovery.
o Water and Waste Management
Storage and supply and reclamation of vater from urine, perspired 
and expired vater, treatment of fecal vastes.
Figure 3 shovs the general location of the major life support and environ­ 
mental control equipment. Since most of the crev members are usually in the 
crev quarters and laboratory, location of a life support system in each of 
these compartments permits convenient accessibility and minimizes distribution 
power requirements. In addition, the half-systems are located in tvo separate 
pressure vessels in case of a fire or other emergency. This is considered to 
be an extremely remote possibility. Figure k presents a laboratory cross 
section that shovs the relative location of a half-system and the distribution 
ducts routed through the central traffic tunnel. Tvelve pressure suit stations 
are available that each has umbilicals to support six men. Each pressure 
suit station can operate either independently or vith the cabin atmospheric 
conditioning and purification subsystem.
The design conditions together vith the trade-offs and a proposed integrated 
subsystem preliminary design are presented.
Design Conditions and Assumptions
Complete redundancy of all life support and environmental control equipment is 
provided. Each of tvo half systems normally supports 12 men, but each has the 
design capability of supporting the entire 2^-man crev. In addition, 12 space 
suit stations are provided that each vill accommodate six men.
Other design conditions and assumptions are summarized belov. 
Mission
Mission Duration 1-5 years
Orbital Altitude 260 n. mi.
Initial LS/ECS Supply 180 days
Resupply Period 90
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Vehicle
Pressure Compartment Volumes
Laboratory 
Crev Quarters 
Storage 
Hangar
Central Tunnel 
Airlocks
Total
Leakage Rate 
Atmospheric Parameters
Temperature
Total Pressure
Oxygen Partial Pressure
Diluent
Carbon Dioxide Partial Pressure
Relative Humidity
Crev
Crew Size
Normal 
Emergency
Metabolic Parameters
Oxygen Consumption
Carbon Dioxide Output
Water Consumption
Wash Water
Urine
Metabolic Water
Respiration & Perspiration
Water in Fecal Output
Food Intake
Heat Output, Latent
Heat Output, Sensible
Electrical
20,090 ft;?
17,130 fl£
13,970 ft^
2^,900 ft^
2,230 ft^
600 ft^5
78,920 ft3 
17 Ib/day
70 + 5F
7 psia
3.5 psia
Nitrogen
0.15 psia maximum
35 to 50$
Electrical Heat Load
Voltage
Power Penalty
2 men 
36 men
1.81* ib/man/day 
2*12 Ib/man/day 
6.16 Ib/man/day 
0*00 Ib/man/day 
3.la Ib/man/day
0*67 Ib/man/day 
3.20 Ib/man day 
0*33 Ib/man/day 
1.30 Ib/inan/day 
3,3^0 btu/man/day 
7,860 btu/man/day
27 fcw
28 + 10$ V.D.C. 
Ib/kw.
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Atmospheric Supply and Pressurization Subsystem
The atmospheric supply and pressurization subsystem provides the storage and 
delivery of Np and CL for replenishment of leakage losses together with stor­ 
age of CL and regeneration of 0 from expired CCL for metabolic requirements. 
Also included are the leak detection and airlock/hangar decompression units.
The discussion of atmospheric supply and pressurization subsystem selection 
and operation together with the parametric trade-off analysis and evaluation, 
is given below.
Selected Subsystem
A combined system consisting of subcritical storage of oxygen and nitrogen 
and Bosch oxygen regeneration is recommended for the laboratory atmospheric 
supply. Trade-offs shown in figure 5 indicate that oxygen regeneration is 
advantageous for missions longer than 5 months. Furthermore, the resupply 
penalty is reduced by approximately 16,000 lb/yr.
Subcritical storage of oxygen and nitrogen was selected "because it is clearly 
the lightest in weight, as indicated in figure 6« Test results in the last 
two years for space application have indicated no major problems with sub- 
critical storage. A comparison of major advantages are listed below:
o Subcritical Storage
Lighter weight
Simpler transfer, filling and top-off 
o Supercritical Storage
Operational and proven
Simpler to measure quantity in tank
Less plumbing required.
The Bosch-type regeneration unit is proposed for CL recovery because it is 
considered the furthest along in development and provides the least overall 
weight penalty. A flow diagram of this unit is given in figure 1. The major 
components are the reactor, carbon collector, heat exchanger, condenser- 
separator, and water electrolysis cell.
Atmospheric Storage Subsystems Integration
Figure 8 is a schematic for the storage system. It includes subcritical 
storage of nitrogen and oxygen and provision for compressing and storing rel­ 
atively small quantities of high-pressure gas used for charging backpacks and 
nitrogen used for refilling fire extinguishers. Pressurized nitrogen is also 
supplied to water storage .tanks, reservoirs, and accumulators tc provide 
positive expulsion for zero-g delivery. Three oxygen tanks and two nitrogen
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tanks, of approximately 3 ft-diameter each, are adequate to replenish predicted 
leakage losses and to provide make-up metabolic oxygen for l8o days.
The oxygen and nitrogen boiloff must be vented when it exceeds the design use 
rate, and hence represents wasted gas. A practical design limit, where in­ 
sulation does not become prohibitive, is a design use rate of one pound per 
day per tank, which is well below the predicted use rate necessary for leakage 
replenishment and metabolic oxygen supply. Design for a lower boiloff rate 
than use rate allows a savings in venting losses if the IT pound per day leak­ 
age estiipate is higher than actual leakage, or if crew size is less than 
design. The electrical power or waste heat required amounts to only about 
one watt for each pound per day delivered above the design use rate.
Figure 9 shows a schematic of xhe atmospheric storage and distribution system 
within the vehicle. The tanks, located in the hangar, minimize boiloff during 
resupply. Oxygen and nitrogen are fed as needed into the atmospheric supply 
ducts to the several pressurized compartments. Oxygen can be supplied upon 
demand to each of the twelve space suit stations. Nitrogen can be supplied 
to positive expulsion systems within storage tanks, and to fire extinguishers. 
An extra tank of subcritical oxygen, not shown in figures 8 and 9> is located 
in the storage compartment. This supply can be used for normal operation but 
also provides the last five space suit stations, 8 to 12, independently of 
the primary source located in the hangar. This supply would be available if 
an explosion should occur in the hangar area and the crew was required to wait 
for a rescue vehicle to dock to the external port*
Hangar and Airlock Pumpdown
During loading and unloading operations, a 7 psia shirtsleeve environment 
will be maintained in the hangar. At other times, 1.0 psia will be provided 
to minimize leakage and to allow storage of the logistics and exploration 
vehicles for extended time periods. As indicated in figure 10, pumpdown is^ 
desirable for more than four logistics operations*
The hangar, when pressurized to 7 psia, contains approximately 1,0^0 Ib of 
atmosphere. Expenditure of this quantity of air, even once every 90 days, 
presents a significant weight penalty. Therefore, provisions were made for 
pumping and high pressure storage of the hangar atmosphere. Pumping the 
hangar atmosphere back into the crew pressurized compartments would raise the 
cabin pressure and might introduce harmful contaminants. From the viewpoints 
of crew safety (toxicity) and experimental control, neither of these conse­ 
quences was considered tolerable. The pumpdown unit is driven by a h HP 
motor. The unit may also be utilized for airlock evacuation. Approximately 
11.8 days would be required to pumpdown the hangar to 0.1 psia. At this final 
pressure, only 15 Ib of atmosphere need be exhausted to space. The airlock 
and hangar pumpdown system is shown in figure 11.
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Leakage and Leak Detection
A summary of the leakage criteria and assumptions for LORL are tabulated be­ 
low:
Leakage Source Order of Magnitude
Hatches and hangar door 7 x ICT^ Ib/day/in. (7 psia)
Meteoroid penetrations Complete loss of the atmosphere
in one pressurized compartment 
when punctured
Electrical leads 1(TT Ib/day/in. (negligible)
0-ring seals (replaceable) ICf9 Ib/day/in. (negligible)
Valves ICf3 Ib/day/valve (negligible)
Seam and joints (welded) 10 Ib/day (negligible)
Diffusion through vehicle skin 10 Ib/day (negligible)
The only leakage that is considered appreciable is that through hatches or 
hangar seals and through holes caused by meteoroid penetrations* The assumed 
seal leakage (7 x ICf^ Ib/day/in) is based on MIL STD S-8484 for gaskets. The 
meteoroid penetration leakage assumption of complete loss of the atmosphere in
a pressure vessel per puncture is considered to be quite conservative*
•••
Based on the above criteria, total vehicle leakage is estimated to be approx­ 
imately 17 Ib/day, of -which h. 75 Ib/day is due to seal leakage and 12*25 lb/ 
day allowed for back-up in the event of inadvertent leakage or a serious 
meteorite puncture. Considerable oxygen and nitrogen should be available to 
supplement the 90-day reserve if the leakage is less than 17 Ib/day.
Leak Detection
Separate detection is provided for leaks caused by meteoroids and by failure 
of cabin seals. Each cabin seal is monitored separately by an external sensor 
to assure seal effectiveness. If the seal fails, replacement without cabin 
decompression is made possible by a dual seal arrangement. Compartment leak­ 
age is detected by the monitoring of the nitrogen flow from the supply system. 
A change in supply rate over a significant period of time indicates the 
presence of small leaks.
Crew Safe Time
Due to a multi-pressure vessel concept, the need to rapidly repressurize any 
one compartment is unlikely. In addition, decompression of large volumes is, 
in most cases, slow. Consequently, considerable time for corrective action 
is available. Figure 12 indicates the decompression time to the crew danger 
point (i.e., when oxygen partial pressure falls to 2.4 psia) as a function of 
pressure vessel volume. For the crew quarters compartment (approximately 
17,000 cu.ft.), almost three hours are available even in the unlikely event
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of a half-inch-diameter penetration. During this time, the crew may don 
pressure suits or transfer to alternate pressurized compartments.
When a leak is repaired, repressurization directly from the subcritical tanks 
may be accomplished slowly at a minimum power drain. For the 17,000-cu.ft. 
crew quarters compartment, 1 kw of power is required to repressurize in 16 
hours for the extreme case of a near-zero pressure to 7 psia.
The large volumes of the LOKL pressurized compartments provide a safeguard 
against catastrophe due to oxygen supply system failure. Figure 13 indicates 
the safe time after supply shutdown as a function of pressure vessel volume 
and the number of crew members. Even if the entire 24-man crew is located in 
the crew quarters compartment, more than 55 hours are available for corrective 
action. The capability of each of the two oxygen regeneration units to sup­ 
port the entire 24-man crew further increases safety and reliability.
Atmospheric Conditioning and Purification Subsystem
The atmospheric conditioning and purification subsystem provides humidity con­ 
trol and carbon dioxide removal together with monitoring and removal of harmful 
trace contaminants that may be generated by the crew and equipment. Discussion 
of the pressure suit loop integration is included in this section.
Atmospheric conditioning and purification subsystem selection and operation 
and the parametric trade-off analysis and evaluation is discussed below.
Selected Subsystem
Figure 1^ shows the component arrangement and flow paths for one of the two 
identical atmospheric purification units.
The major components included in each -unit are a condenser and wick-type water 
separator and silica-gel for humidity control, a pair of molecular sieves for 
carbon dioxide removal, and a catalytic burner for trace contaminant control. 
Also included are a debris trap, charcoal-bed odor remover, chemisorbent bed, 
fine filter, and ultraviolet lights.
Investigation of carbon dioxide removal units indicates that a molecular sieve 
type unit is the furthest along in development and is proposed. However, there 
are several drawbacks to this system. MDlecular sieves, or zeolite beds, have 
a preferential affinity for water over COp, which necessitates that almost 
absolutely dry air enter the beds. Silica-gel beds used upstream of the mol­ 
ecular sieves have a large influence on the LS/EC system. It requires a 
compromise in the subsystem design and complicates the subsystem valving and 
control systems. A nonmoisture-sensitive COp absorber would simplify the COp 
removal system, increasing reliability and allowing more flexibility in system 
design. A solid amines absorber being tested shows some promise. Desorption 
of a solid amines absorber requires heating at 170°F and evacuation to 25 mm Hg 
abs. The total penalty comparison between CCL removal units is given in fig­ 
ure 15.
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Figure 16 shows that either atmospheric purification unit is capable of supply­ 
ing all pressurized compartments and airlocks. In addition, the aft unit may 
directly support the hangar vhile the forward circuit supports the rest of 
the vehicle during loading and unloading. Due to the possible introduction 
of harmful contaminants from the logistics vehicles, it is not considered ad­ 
visable to mix these two "air" streams. Additional catalytic burners are 
provided in the hangar to reduce this contaminant hazard.
Laboratory atmosphere monitoring is provided by a gas chroxaatograph and 
quadrupole mass spectrometer. The gas chromatograph is used for periodic 
sampling of the major atmospheric constituents and critical contaminants; the 
spectrometer is used for greater sensitivity in identifying any unknown con­ 
taminants that appear in the atmosphere.
If the carbon-dioxide removal system malfunctions, figure IT indicates that 
approximately 11 hr are available for corrective action, even if the entire 
crew is located in the crew quarters.
Pressure-Suit Integration
Under certain modes of normal and emergency operation, the crew must use 
pressure suits. Life support backpacks are also required for additional 
protection when tasks are performed in remote laboratory locations.
Figure 18 illustrates the recommended method of pressure-suit integration into 
the vehicle LS/ECS. The suit loop shown has its own fans for circulation, 
condenser and vater separator for temperature and humidity control, an acti­ 
vated charcoal filter for odor removal, control systems and suit connections. 
Each loop can operate either independently or with the cabin atmospheric con­ 
trol and purification subsystem. The suit loops operate independently by 
recirculation of 100$ oxygen and leakage of a controlled amount for carbon 
dioxide partial pressure control. This leakage rate is approximately 1.5 
Ib/man/hr. Under normal operation, the bleed mode allows independent operation 
of each suit loop vithout extra carbon-dioxide removal units. This system 
provides backup support to the cabin LS/ECS during emergenciesj the backpack 
system may be saved for an extreme emergency situation, such as rescue. The 
system has been designed to accommodate the Apollo spacesuit and backpack.
Thermo-Conditioning Subsystem
Cooling is provided to remove the metabolic heat of the crew, heat generated 
by the life support equipment and electronic equipment, and heat generated by 
the radioisotope heaters. Cooling is also provided for water, food and ex­ 
perimental apparatus. Heating is required for vater, food, operation of the 
carbon-dioxide removal units and vater recovery units, and for experiments*
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Figure 19 shows that 22 sheets (1/2 inch thickness) of high-perfonnance in­ 
sulation is required to maintain the internal wall temperature above 65°F 
dewpoint for the anticipated values of solar absorptivity-long wave emissivity 
ratio (a/g^ ), and internal heat transfer coefficient (h ). The thickness of 
foam-type insulation necessary for internal vail temperature control would be 
prohibitive for the zero-g LORL. Figure 20 presents the heat loss from the 
vehicle to space for 1/2 inch of HPI.
Space Radiators
The space radiators consist of parallel rows of tubing mounted on ^-inch 
centers inside the load-carrying structure. Every other row of tubes is 
utilized for active heat rejection; rows in between are available for backup. 
For the expected average fluid temperature in the radiators (8o°F), approx­ 
imately 60 sq-ft of radiator/kw of heat rejection is required as shown in 
figure 21 for the selected configuration 2. The internal heat load from the 
crew and equipment, 33*3. Hv.,. less the computed loss through the vehicle wall 
of about 0.7 kw, results in a net heat rejection load of 32.6 kw. The result­ 
ing radiator area is approximately 1,95° sq-ft.
Location of the radiator tubes as shown in configurations 2 and 3, requires a 
larger number of tubes and area, but permits better accessibility and nearly 
four times the meteorite protection as compared to mounting to the inner side 
of the external skin (configuration l).
Redundancy in radiator circuitry and pumps is considered necessary because 
the safe time to the crew danger point after pump failure or loss of coolant 
is quite limited. If all 24 men are located in the crew pressurized compart­ 
ment and the equipment heat load is 8 kw, less than 22 minutes are available 
before an effective temperature of 90°F is exceeded.
Cooling and Heating Loops
The recommended method of cooling and heating is by providing two separate 
loops, as indicated in figure 22. In the cooling loop, FC-75 fluid is pumped 
through the various components* The heat absorbed is then rejected to space 
by the radiator. The major advantages of FC-75 are its low freezing point 
(-80 F) and its high dielectric constant; the latter makes it suitable for 
direct use in electronic equipment. The heat required in the life support sub­ 
system is supplied by tvo Promethium iVf isotope heaters, each with a thermal 
capacity of 1.5 kw. This isotopic heat source saves 1,050 pounds and 5.5 
million dollars over electrical heating from a solar cell-battery system.
Water and Waste Management Subsystem
The water and waste management subsystem provides for collection of urine and 
feces; reclamation of wash water, atmospheric condensate, and water from urine; 
storage and distribution of potable water. A simplified block diagram of the 
water reclamation unit half system is shown in figure 23. Two identical units 
are provided; each consists of two separate purification paths, one for urine 
and the other for vash water and condensate.
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If electrical power is used for heat at k$Q Ib/kw penalty, the air evaporation 
and elect rodialys is recovery units for urine appear competitive. However, 
the utilization of isotope heaters at 100 Ib/kw penalty made the air evapor­ 
ation unit more attractive as shown in* figure 2h.
The type of urine reclamation unit selected was air evaporation which uses an 
onboard radio-isotope heat source. A pre- treatment agent is added to the 
urine prior to introduction into the wick evaporator of the recla.Tna.tion unit. 
The unit has a recirculating air stream which evaporates the water from the 
wicks and carries the water to a condenser. The entrained water is collected 
and pumped through a millipore filter and by untraviolet lamps.
Wash water and atmospheric condensate is processed by a simpler system which 
includes a dust filter, mixed ion exchange and charcoal bed, a millipore 
filter and untraviolet lamps.
In both cases, a bacteria culture test will be made before the water is de­ 
clared potable. This necessitates holding the water in test tanks for 2k 
hours prior to transfer to potable tanks. If necessary, the water in the 
tank may be recirculated through the reclamation unit. A three-day emergency 
supply of drinking and food reconstitution water will be maintained. Pro­ 
visions are provided for the circulation of wash water and condensate through 
the urine reclamation path.
Fecal waste collection takes place in an enclosed, but vented, commode com­ 
partment. A blower is utilized to pull cabin air through vents into the 
commode compartment, and through a permeable plastic bag which passes gas, 
but not liquids or solids. The airflow helps direct feces into the bag and 
conducts gases through millipore and activated charcoal filters for odor re­ 
moval. After defecation, the bag is sealed and placed in a heating unit that 
dehydrates the feces, drives off gases, and kills bacteria. The gases and 
distilled fecal water are vented to space. Several commode designs were 
reviewed and none found acceptable.
Figure 25 indicates the collection and distribution paths of the waste and 
water management subsystems. As with the atmospheric control and purification 
subsystem, each of two separate units is capable of supporting the entire 
crew.
The urine collection device selected is a centrifugal urinal that uses a 
small vaneless impeller driven by a spring -wound motor to force the urine 
through a check valve into the temporary storage tank*
Conclusions and Recommendations
The results of the life support and environmental control system study were 
used to select subsystems tailored for usage with the LORL configuration.
Study indicates that the LORL configuration permits simplicity in design and 
considerable time for some equipment "off cycles !> and for corrective action 
in case of failure. Considerable time is also available to take corrective 
action in the event of a meteorite puncture or to locate an inadvertent leak.
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A review of the major subsystems selected for LORL is given belov: 
Atmospheric Supply and Pressurization
o A Bosch oxygen regeneration unit and subcritical storage of oxygen 
and nitrogen has been selected for the atmospheric supply system.
o Hangar and airlock decompression is obtained by utilizing a k hp 
compressor/vacuum pump combination and high pressure gas storage 
in tanks.
o Leak detection is provided by monitoring the use rate of the 
nitrogen supply and by individual seal sensors.
Atmospheric Conditioning and Purification
o A condenser and wick-type separator and silica gelare used for 
humidity control, a pair of molecular sieves for CC>2 removal and 
a catalytic burner for trace contaminant control. Also included 
are a debris trap, charcoal bed odor remover, chemisorbent bed, 
fine filter, and ultraviolet lights.
o Twelve space suit stations are provided with umbilicals to accommo­ 
date six pressure suits. Each station can operate utilizing the 
cabin atmospheric control unit or can operate independently.
o Laboratory gas monitoring is provided by a gas chromatograph for 
periodic sampling of the major atmospheric constituents and a mass 
spectrometer for identification of trace contaminants.
Thermo-Conditioning
o Space radiators, 1,950 square feet in area, are utilized to reject 
the laboratory heat load of about 33 kw. FC-75 teat transport fluid 
is pumped directly through equipment, and cabin heat exchangers for 
transport of heat to the radiators.
o Isotope heaters are provided for food and water heating, for the 
reclamation of water from urine and for CCU removal unit desorption.
Waste and Water Management
o An air evaporation unit is provided for reclamation of water from urine,
o Wash water is recovered by utilizing mixed ion exchange, filters, and 
ultraviolet lamps.
o Urine collection is provided by a urinal that uses a small vaneless 
impeller.
o Each commode compartment has an individual ventilation blower and odor 
control unit.
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The overall weight penalty of the LS/ECS is shown in figure 26. For an 
initial supply period of 180 days, system weight including fixed weight and 
consumables is approximately 36,000 pounds. Included in the fixed weight 
are all LS/ECS equipment, working and reserve fluids (e.g., water, coolant), 
and the initial atmosphere charge. The consumable weight, approximately 
65«5 Ib/day, includes food, makeup nitrogen and oxygen, and expendables 
necessary for water reclamation, atmospheric purification, and waste manage­ 
ment.
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EFFECTIVE PUMPING SPEED 
= 7 CFM
VEHICLE INTEGRATION AIR LOCK & 
HANGAR PUMP-DOWN SUBSYSTEM
STORAGE TANKS
"AIR'V 
INLET
NUMBER OF HANGER USAGES
Figure 10 Figure 11
REPRESENTATIVE COMPARTMENT 
DECOMPRESSION TIME
PRESSURE VESSEL VOLUME (FT3) [P02 FALLS FROM 3.5 TO 2.4 PSIA]
SAFE TIME TO CREW DANGER POINT 
AFTER OXYGEN SUPPLY SYSTEM FAILURE
PRESSURE VESSEL VOLUME (FT3)
30,000
——— ZERO LEAKAGE
---LEAKAGE RATE 2.4 LBS. AIR/DAY PER 
PRESSURE VESSEL
TIME (MRS)
40 60 
TIME (HRS)
Figure 12 Figure 13
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ATMOSPHERIC PURIFICATION UNIT 
(HALF-SYSTEM) ^
Figure 14
CARBON DIOXIDE REMOVAL METHODS
VEHICLE INTEGRATION ATMOSPHERIC M15173 
CONTROL & PURIFICATION SUBSYSTEM
* MOLECULAR SOLID 
SIEVES AMINES
t(W
1SOO
1000
500 
n
PROPOSED
HEAT DESORPTION
1 1^
^s]
1
1
R^
^^1 r~n FIXED WEIGHTINCLUDING ONE REDUNDANT UNITP^3 ELECTRICAL POWER 
^^450 LBS/KW
E^3 RADIO - ISOTOPE
HEAT, 100 LBS/KW
* MOLECULAR SOLID 
SIEVES AMINES
Figure 15
' SI LICA G EL 
BED INCLUDED
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^ SUPPLY V_ ATMOSPHERIC CONTROL & PURIFICATION 
• RETURN UNITS (HALF SYSTEMS)
Figure 16
M-13744ASAFE TIME TO CREW DANGER POINT AFTER CARBON 
DIOXIDE REMOVAL SYSTEM FAILURE
-+ AIRLOCK OR COMPARTMENT
TYPICAL PRESSURE 
SUIT INTEGRATION <_ 
WITH ECS LOOP
TIME (HRS)
Figure 17 Figure 18
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Figure 19
HEAT LOSS THROUGH WALL STRUCTURE
CYLINDRICAL SECTION - LOCAL VERTICAL ORIENTATION 
50* INCLINATION
"^x^
^\
^^^^^ v.
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^^^
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^•^
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RADIATORRADIATOR AREA 
REQUIREMENTS ^^ 
FOR VARIOUS REJEC«^ 
CONFIGURATIONS RiSSS!
ASSUMPTIONS:
1) EFFECTIVE SPACE TEMP -92'F
2) 0.020 AL. SHEETS 6 = 0.73
__ ___. 
AVERAGE FLUID ThMPERATURE IN RADIATOR T 1M + *<Hn ("f\
Figure 2*. 
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THERMO-CONDITIONING SUBSYSTE
T.
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,J$ V $ ^ 1i I ir
1 1 1 1 1
HEATING FLUID
COOLANT
HIGH TEMPERATURE FLUID
Figure 22
WATER RECLAMATION UNIT (HALF-SYSTEM)
WASH WATER 
A ATMOSPHERIC CONDENSATE
X
Figure 23
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WATER RECOVERY METHODS
VEHICLE INTEGRATION 
WATER MANAGEMENT SUBSYSTEM
24-MAN CAPACITY (INCLUDES ONE REDUNDANT UNIT)
URINE RECLAMATION ONLY
ELECTRICAL POWER PENALTY 450 LB/KW
ISOTOPE POWER PENALTY 100 LB/KW
MISSION TIME-DAYS
*- WATER 'SEPARATOR I— WATER i
(FROM CONDENSER) UNITS (HALF-SYSTEMS)
i WATER SUPPLY
3 WASH WATER RETURN
s CONDCNSATE RETURM 
» URtMC RETURN
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TOTAL LIFE SUPPORT & ENVIRONMENTAL 
CONTROL SYSTEM WEIGHT
2UNi-
I
PROPOSED LS/ECS 
WITH OXYGEN 
REGENERATION-^
LS/ECS
WITHOUT OXYGEN 
REGENERATION-
—— TOTAL SYSTEM WEIGHT
- — SYSTEM WEIGHT LESS
ELECTRICAL POWER PENALTY OF 
450 LBS/KW
INITIAL SUPPLY PERIOD (DAYS)
Figure 26
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